Research on lymphocyte development and activation has matured to a level of sophistication that we can start to integrate multiple instructions coming from various players and understand how these instructive 'networks' govern lymphocyte function. The collection of reviews in this edition of Current Opinion in Immunology focuses on the complexity of intracellular cues that overcome a signal threshold paired with changes in metabolic programs. In the second section recent advances on cell-extrinsic factors and cell-cell interactions as regulators of lymphocyte function are highlighted.
Stimulation of antigen receptors on lymphocytes leads to triggering of intracellular signaling pathways that are connected to form signaling networks. The topology and dynamic nature of these networks are only just emerging. Helou and Salomon provide an overview of the current state of high-resolution mass spectrometry and how it has enabled to understand these networks in a quantitative and qualitative manner. Their phosphoproteomic approaches on T cells have provided us with a blueprint of the TCR signaling network and an appreciation of its dynamic nature through the analysis of temporal changes in protein phosphorylation. They discuss the challenges of quantitative phosphoproteomic in primary lymphocytes and how these may be met via studies of mouse models with genetic tags that allow for efficient mass spec or through mass cytometry (CyTOF), a new technique that couples flow cytometry single cell resolution with the resolution of mass spec. Resolving the identity of these networks may have future clinical impact by offering insights how to modulate T cell function by tweaking these signaling networks.
Understanding the topology and dynamics of antigen receptor signaling networks also provides the opportunity to understand, at a fundamental level, how signaling thresholds are overcome and how biologically relevant low-affinity signals are distinguished from noise. Zikherman and Au-Yeung discuss the concept of analog to digital signal transformation, the role of feedback loops herein, and the need for biochemical analyses that resolve signals in individual lymphocytes within a pool of cells. They discuss how reporters, such as the Nur77 reporter mouse models that integrate signals in a cumulative manner, have enhanced our understanding how strength and duration of T cell receptor (TCR) signals drive proper T cell development and function. They discuss their elegant studies where they have paired a Nur77-eGFP reporter with a Zap70 kinase inhibitor system that reveal that a signaling threshold need to be met and that alterations in the TCR signals do not affect the threshold but impact the number of T cells within a pool that successfully overcome this threshold. The concept of proportions of T cells that successfully overcome a threshold to become functional brings up the question how these thresholds are set. Recent work has pointed to negative regulators in the proximal part of the TCR signaling network as modulators of signaling threshold. Gascoigne and Acuto provide an overview on thymic selection and how THEMIS plays an important role in ligand discrimination. THEMIS only entered the stage of TCR signaling in 2009 after simultaneous identification by several different groups. Despite the clear defect in positive selection of thymocytes in THEMIS-deficient mice a mechanism for this defect has been lacking. They discuss how they uncovered that THEMIS is not a positive regulator of TCR signaling -as was initially anticipated -but a negative regulator and how Ed Palmer's Ova variant system was key for this discovery. They discuss how THEMIS brings in tyrosine phosphatases to inhibit the active proximal TCR signaling components and how this negative feedback loop sets a very sharp threshold that helps explain the precise ligand discrimination by the TCR. They place THEMIS in the context of additional feedback mechanisms in a new model for TCR ligand discrimination during T cell selection.
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It has become clear that TCR-induced activation of T cells must be paired with other cellular changes, for instance to meet the increased metabolic demands. In the last section on T cells, Delgoffe and Powell discuss recent insights in metabolic signaling in T cells. It has been established that activated T cells upregulate expression of glucose transporters and burn glucose as fuel whereas quiescent naïve and memory T cells choose lipids as predominant fuel source. They discuss how TCR signals influences switching between metabolic programs but also how the metabolic pathways influence T cell function. The interplay between fuel and function is a very active research area and they discuss their own work on the TCR signaling mTOR complexes, mTORC1 and mTORC2, which simultaneously function as a nutrient sensor and therefore sit at the nexus of TCR activation and metabolism. Lastly, mTOR is not the only nutrient sensor in T cells and several other sensors are discussed in the context of metabolic processes such as glutamine metabolism, oxygen sensing, and autophagy.
Vertebrates have evolved sophisticated mechanisms to recognize and respond to an unlimited variety of foreign antigens. Diversification of the immune repertoire is required not only to fight infections but also to maintain the homeostasis, including the diversity of associated microbial communities present at the mucosal barriers. During embryonic life, B cell development occurs at different locations, starting in the fetal liver and toward the end of gestation in the bone marrow and spleen. Wesemann and colleagues provide an overview on relationships between the timing and location of B cells development and generation of a functionally 'fit' immunoglobulin repertoire. They outline the B cell development and the selecting forces that drive and regulate the antibody repertoire. They discuss the early postnatal window during which B cell development also occurs in the gut driven by interaction with local antigens mainly derived from colonizing bacteria. Indeed, the gut constitutes a very dynamic environment exposed to antigens derived from the residential microbes. In summary, we hope that the reviews in this edition of Current Opinion in Immunology highlight a variety of different aspects regarding the complexity of lymphocyte activation to the readers and reveal some of the tools and directions for future research on lymphocyte development and activation.
